o C, after which TMEDA (990 µL, 6.6 mmol) was added, followed by slow addition of a 1.6 M solution of n-BuLi in hexanes (4.1 mL, 6.6 mmol). The reaction mixture was stirred at -78 o C for 30 min and then at room temperature for 16 h. The solution of PhP(Cl)NEt 2 in Et 2 O prepared above was first diluted with Et 2 O to 15 mL and then added slowly to the lithiated diphenyl ether at -78 o C over a period of 30 min using a syringe pump. After stirring at -78 o C for another 30 min, the reaction mixture was warmed to room temperature again and stirred for 5 h. The volatiles were removed under vacuum, resulting in a beige colored oil, which was dissolved in 12 mL of THF. To this solution chilled at 0 o C, a concentrated HCl solution (2.65 mL, 12 mmol) was added dropwise. After 10 min, the resulting mixture was warmed to room temperature and stirred for 4 h. Subsequently, 13 mL of water was added and the mixture was stirred for 40 min. The product was extracted with ethyl acetate (10 mL × 3), and the combined organic layers were dried with anhydrous Na 2 SO 4 
Formation of Complex 10.
In a glovebox, Ni(COD) 2 (1.4 mg, 5 µmol) and 3 (2.1 mg, 5 µmol) were mixed with 1.0 mL of solvent, and transferred to a J. Young NMR tube. The progress of the reaction was monitored by 31 P{ 1 H} NMR spectroscopy. Figures S1-S3 shows the reaction as a function of time. Oxidative addition of an aryl halide to 11 would generate a Ni(II) species 12 as shown in Scheme S1. Subsequent substitution of the halide by a thiolate would produce 13, where the thiolate and aryl groups are trans to each other. Reductive elimination of the sulfides requires these two groups cis to each other, which is possible via isomerization or dissociation of one of the SPO arms. This proposed mechanism resembles the one proposed by others for palladium 2 and rhodium 3 catalyzed C-S coupling of aryl halides with thiols.
Scheme S1 Proposed catalytic cycle.
General Procedures for Catalytic Cross-Coupling of Aryl Halides with Thiols.
Under an argon atmosphere, Ni(COD) 2 (13.8 mg, 0.050 mmol) and 3 (20.9 mg, 0.050 mmol) were mixed in 10 mL of DMF at 23 o C. The resulting mixture was stirred at this temperature for 3 h to produce a stock solution of the catalyst (5.0 mM). A portion of the stock solution (1.0 mL, 0.5 mol% catalyst) was added to a 10 mL scintillation vial containing KOH (61.7 mg, 1.1 mmol). More DMF was added until the total volume was brought up to 6 mL, after which aryl halide (1.1 mmol) and thiol (1.0 mmol) were added. The reaction mixture was stirred at 80 o C for 1 h. Upon completion of the reaction, the volatiles were removed under vacuum to afford the crude product. The sulfide product was purified by column chromatography. For the reactions catalyzed by 1.0 mol% catalyst, 2.0 mL of the catalyst stock solution (5 mM) was used. For the coupling of iodobenzene with methyl thiosalicylate (entry 11, Table 2 ), Ni(COD) 2 (13.8 mg, 0.050 mmol) and 3 (20.9 mg, 0.050 mmol) were mixed with 6 mL of DMF at 23 o C for 2 h prior to the addition of substrates. The rest of the procedures were the same as described above.
All the diaryl sulfides (6a-i), diaryl disulfides resulted from 4-methoxythiophenol (entry 10) and methyl thiosalicylate (entry 11), and the by-product 8 were characterized by 1 H and 13 C{ 1 H} NMR spectroscopy. The chemical shift values of the known compounds were compared to literature values. New compounds (6c-f, entries 5-8) were further characterized by high-resolution mass spectroscopy.
Procedures for Removing Disulfides from Sulfides. Without a polar functional group present in the molecule, separating the disulfide impurity from the desired sulfide was challenging (entries 8 and 9, Table 2 ). In that case, the following procedures were adopted prior to column chromatography. The crude product was first passed through a short pad of silica gel 
S6
and washed with hexanes. The resulting solution was concentrated under vacuum, and then dissolved in 20 ml of a 1: 1 THF-methanol mixture. Under an argon atmosphere, NaBH 4 (189 mg, 5.0 mmol) was added, and the resulting mixture was stirred at 55 o C for 16 h. The volatiles were removed under vacuum, and the product was extracted with ~ 10 mL of hexanes. The combined hexanes solutions were filtered through a short pad of Celite, and then evaporated to dryness. The residue was subjected to further purification by column chromatography.
Spectroscopic Characterization Data for the Diary Sulfides and Isolated Byproducts
This compound was isolated as a colorless oil (172 mg, 86% yield) using hexanes as the eluent. 1 4 This compound was isolated as a colorless oil (205 mg, 89% yield) using hexanes as the eluent, followed by a hexanes-diethyl ether mixture (9 : 1). 1 This compound was isolated as a colorless oil (73 mg, 37% yield) using hexanes as the eluent. The NMR yield (85%) was determined by adding 0.33 mmol of mesitylene to the crude product and then analyzed by 1 This compound was isolated as a colorless oil (87 mg with 0.5 mol% catalyst, 40% yield; 199 mg with 1 mol% catalyst, 91% yield) using a hexanes-diethyl ether mixture (8 : 2) as the eluent. 1 
